that would effect the hydrolysis of androsterone sulphate. In this paper the term 'steroid sulphatase' is used to describe any enzyme which will effect the hydrolysis of a steroid sulphate. However, since the role of these enzymes in mammalian and molluscan tissues is not known, the use of this term is not intended to imply physiological function. In the earlier investigation all the animals used belonged to the mollusca, but in the present study species representative of eight additional marine invertebrate phyla have been examined, and the activities of arylsulphatase and f3-glucuronidase in these animals have been examined in relation to their diets, habitats and methods of feeding. No steroid sulphatase has been detected in any marine animal tested other than certain molluscs of the class gastropoda, and there appears to be no correlation between the activity of this enzyme and the diet of the
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animal in which it is present. Moreover, even the most active preparations of steroid sulphatase so far studied have no measurable influence on the hydrolysis of androsterone sulphate, and an enzyme capable of effecting this change has therefore still to be found.
MATERIALS AND METHODS

Animals.
Test species were collected from the intertidal zone or from the off-shore waters in the vicinity of Plymouth, with the exception of Helix pomatia L., specimens of which were gathered in a Sussex garden. This terrestrial species was included for comparison because enzyme preparations from Helix have been used for the hydrolysis of steroid conjugates. Full names of all the test species are given in Tables I and 2 , but are not hereafter used in any part of the text other than the summary.
Extraction of enzymes. Acetone-dried powders were prepared from the tissues of approximately twenty animals of each test species. Exceptions to this were Marinogammarus, Ligia and Procerodes where much larger numbers of test animals were used; and Maia, Cancer, Clionacelata, Ciona and Sepia where the number of test animals was only two or three. Whenever possible the digestive gland was the tissue used in preparing the enzymes, but in many instances dissection of this organ was prohibited by the smallness of the test species, and the whole animal was then used.
Estimations of enzyme activity. Arylsulphatase was assayed using dipotassium 2-hydroxY-5-nitrophenylsulphate (NCS) and potassium nitrophenylsulphate (NPS) as substrates; the method employed was that described by Dodgson et al. (I953) .
Androsterone, dehydroepiandrosterone and aetiocholanolone sulphates (AS, DHAS and AeS respectively), were used in estimations of steroid sulphatase activity by the method of Roy (1956a, b) . ,B-Glucuronidase was assayed by the method of Dodgson et aI. (1953) , using p-chlorophenylglucuronide monohydrate as the substrate.
RESULTS
f3-Glucuronidase and arylsulphatase
The experimental findings, summarized in Tables I (Mollusca) and 2 (other  phyla) , demonstrate the widespread occurrence of f3-glucuronidase and arylsulphatase among marine invertebrates. Thus, each of the twenty-three species tested was found to possess some arylsulphatase activity, although two species with low activity towards NCS (Ligia and Antedon) were inactive when NPS was used as substrate. f3-Glucuronidase activity was found in eighteen of the species tested, but was not detected in Turritella (Mollusca), Marinogammarus and Ligia (Arthropoda), Clionacelata (Porifera) and Amphioxus (Cephalochorda).
The number of species used in experiments with molluscs was sufficient to allow examination of the possibility of a correlation between enzyme activity on the one hand and diet and habitat on the other (Table 3 ). The figures in the first row of the table include all the species of molluscs tested and show that f3-glucuronidase activity is much greater in the herbivorous than in the carnivorous or detritus-eating species. There is a similar but less marked difference in the mean values for arylsulphatase activity. These figures include the results obtained using acetone-dried powders prepared from two herbivorous and two detritus-eating species where the whole animal was used. If the enzymes are mainly concentrated in the digestive gland then only the results of experiments in which these glands were used are strictly comparable. The figures in the second row of the table are derived from the results on species where it was possible to dissect out the digestive glands, and they emphasize the difference in f3-glucuronidase levels between the herbivorous, the carnivorous, and the detritus-eating species. The figures show again the raised arylsulphatase levels in the herbivores compared with the carnivores but the mean value for the arylsulphatase of the detritus-eating species is not significantly different from that of the herbivores. It is worth mentioning that the differences between the enzyme activities of herbivorous and carnivorous molluscs would be even greater were it not for the anomalous result obtained using Nassarius, which possesses a very high arylsulphatase and f3-glucuronidase activity, but is described as carnivorous (see Table I ).
However, although the animal is reported to feed largely on carrion, there is a possibility that it may inadvertently ingest a certain amount of plant material as well, and so, to some extent, be omnivorous (A. Graham, private communication) . Carnivorous (barnacles and mussels) (1) Carnivorous (barnacles and mussels (1) {Carnivorous (crabs, worms, etc.)
Ciliary feeder on detritus (7) Ciliary feeder on detritus (1) (5) Ciliary feeder on detritus (6) Carnivorous ( 
Test material
Nassarius reticulatus (L.) Orton, 1912; (6) Hunt, 1925 ; (7) Yonge, 1947.
* These figures for enzymic activity have been previously reported by Leon et al, (1960) and are reproduced here to show the correlation between enzyme activity and ecological data. Dodgson et al. (1953) state that enzymic activity cannot be correlated with feeding habits, re-examination of their results shows the same trend as that in Table 3 -namely, that the herbivorous molluscs have greater levels of ,8-glucuronidase and arylsulphatase activity than the carnivorous species.
Reference to both Tables I and 2 shows that of the eight species examined which are thought to feed on detritus, four were without ,8-glucuronidaseactivity; whereas, of a further fourteen species which appear to be definitely carnivorous or herbivorous, only one (Ligia) was found to lack the enzyme. Correlation between habitat and enzyme activity merely reflects the fact that the herbivorous species are intertidal, whereas the carnivorous animals may, in addition, be pelagic or live off-shore in gravel or muddy deposits. Tables I   and 2 show that many of the species that contain sulphatase and ,8-glucuronidase dwell on a substratum of muddy composition and the question arises of whether their enzymes are of bacterial origin, not being extracted from the tissues of the animals but from the bacterial flora that inhabit them. However, this does not seem likely, for Dodgson, Melville, Spencer & Williams (1954) have shown that the bacteria present in the digestive organs of certain marine molluscs have only a very low arylsulphatase activity; and it has been found in the present work that acetone-dried powders, prepared from samples of mud collected from the habitats of the various test animals, possessed only a slight enzymic activity, far less than would account for the activities of the preparations obtained using the tissues of the animals concerned.
, Steroid sulphatase'
'Steroid sulphatase' activity appears to be confined to the phylum mollusca; it was not detected in any of the other invertebrate phyla. It was only found in seven of the mollusca tested, each of these belonging to the subclass Prosobranchia of the class Gastropoda. Moreover, the enzyme was not found in all members of the Prosobranchia; and it was absent from the only species representing a different subclass of the gastropods, Aplysia from the Opisthobranchia (Table 4 ). The gastropods can be divided into two groups, according to the specificity of their steroid sulphatase. Thus, enzymes from four of the species tested would only effect the hydrolysis ofDHAS, whereas enzymes from three species were active when both DHAS and AeS were used as substrates. In Table 4 the species are listed in order of maximum DHAS sulphatase activity, and it is of interest to note that the species with the highest activity are those which will also hydrolyse AeS. Two of these species belong to the carnivorous order, Stenoglossa; the third is the herbivorous land snail, Helix. It was not possible to detect an enzyme that would effect the hydrolysis of AS in any of the species tested. There is no apparent correlation between steroid sulphatase activity and diet and habitat because, of the marine molluscs that possess this enzyme, three are carnivores and three are herbivores. The enzyme levels found for the digestive gland of Helix pomatia are included but not those found for the crop fluid.
The figures in the table are mean levels, calculated from the data in Table 1 .
The figures in brackets in the columns headed NCS refer to the number of results from which the mean was derived. Units of enzyme activity are those defined under Table 1 . The very active preparation of steroid sulphatase obtained from the digestive glands of Nassarius has been used in studies of the enzyme under different environmental conditions. The findings have shown that when D HAS is used as the substrate enzymic activity at 37°C. is four times as great as that at 12°c., and that when the test medium consists of 50% sea water, all enzymic activity disappears.
DISCUSSION
fJ-Glucuronidase and arylsulphatase
Vertebrates possess enzyme systems that effect the conjugation of phenolic substrates with sulphuric and glucuronic acids. Many phenolic substances, both of endogenous and exogenous origin, are excreted in the urine after conjugation as sulphates or glucuronides. In contrast, the physiological significance of fJ-glucuronidase, and various sulphatases which are concerned in the hydrolysis of glucuronic and sulphuric acid conjugates and are of widespread occurrence, has not yet been established. The possible function of these enzymes in the marine invertebrates is the hydrolysis of glucuronides and sulphates present in the diet. Thus, the finding that so many species of marine invertebrates possess arylsulphatase and a fJ-glucuronidase implies that these animals, although they show marked differences of phyla, habitat and method of feeding, must all live on diets containing sulphuric acid and glucuronic acids in conjugated form. These substances occur as structural units in certain polysaccharides and mucopolysaccharides. Thus, the hernicelluloses of plant origin contain glucuronic acid, and other polysaccharides such as hyaluronic acid and chondroitin sulphate, found in animal tissues, contain sulphuric acid as well. While the polysaccharide commonly found in marine plants (alginic acid) and animals (chitin) possesses uronic acids other than glucuronic as the structural unit, it is possible that polysaccharides other than alginic acid and chitin occur in the diets of marine animals. However, the exact substrates on which the invertebrate enzymes act are still unknown (Roy, 1956a) .
The view that fJ-glucuronidase and arylsulphatase are involved in digestion is supported to some extent by the finding that, compared with carnivorous molluscs, herbivores possess a much higher enzyme activity; for it seems likely that this is because the latter species have to deal with a diet consisting of plants with thick cell walls.
, Steroid sulphatase'
Unlike arylsulphatase and fJ-glucuronidase, steroid sulphatase appears to have no obvious role as a digestive enzyme. The animals that possess it have very varied diets and feeding habits, which also closely resemble those of certain members of other classes and phyla from which the enzyme is absent.
The distribution of steroid sulphatase is interesting because the enzyme has been detected in only two classes in the ten phyla so far examined. These are the mammalia (Gibian & Bratfisch, 1956; Roy, 1957) ; and certain molluscs of the class Gastropoda, subclass Prosobranchia. Moreover, among marine gastropods, only those of the order Stenoglossa were found to possess an enzyme capable of hydrolysing AeS. However, the significance of the distribution of steroid sulphatase remains difficult to assess until a more comprehensive study has been made using a larger number of specimens from each phylum.
Preliminary results which show that a steroid sulphatase of use in the hydrolysis of AeS is exclusively confined to the order Stenoglossa (among marine invertebrates) are sufficiently interesting to make further investigation worthwhile. In addition, the discovery that Nassarius provides a rich source of sulphatase for use in steroid analysis warrants a more detailed investigation of the nature of the enzyme found in this animal. However, the specificity of the steroid sulphatase, present in the few available species that have been found to possess it, is such that the enzyme cannot be used to achieve complete hydrolysis of all the urinary steroid conjugates; the sulphates of 3<x:5<x steroids can still only be hydrolysed by chemical methods.
The writers are indebted to Mrs Ann Peace for valuable technical assistance; to the captains and crews of R.V.s 'Sula' and' Sarsia' for collecting most of the test animals; to Mr N. A. Holme for many helpful discussions, and to Prof. A. Graham for his advice and interest. SUMMARY A study has been made of the distribution of ,a-glucuronidase, arylsulphatase and 'steroid sulphatase' in nine marine invertebrate phyla.
Species representative of all the phyla examined possess ,a-glucuronidase and arylsulphatase, but only certain gastropod molluscs, subclass Prosobranchia have a 'steroid sulphatase'. Two marine species, Buccinum undatum and Nassarius reticulatus, possess an enzyme of specificity similar to that of the sulphatase obtained from the land snail, Helix pomatia, in that it assists the hydrolysis of both aetiocholanolone and dehydroepiandrosterone sulphates. However, the 'steroid sulphatase' prepared from three other marine species, Patella vulgata, Patina pellucida and Littorina littorea, has a higher specificity, assisting the hydrolysis of only the latter substrate. An enzyme that will effect the hydrolysis of androsterone sulphate has yet to be found.
Experiments with molluscs have shown that the ,a-glucuronidase and arylsulphatase activities of herbivorous species are, in general, greater than those of carnivores. Further experiments, using members of all the phyla examined, have shown that, compared with herbivorous and carnivorous species, animals which feed on detritus are more often lacking in ,B-glucuronidase activity. However, this correlation between diets and enzymic activity is not found in experiments with 'steroid sulphatase' and there is evidence consistent with the view that this enzyme may not perform any physiological function related to the hydrolysis of steroid sulphates in the few species in which it has been found.
